Introduction
Statistical analyses. 126 The χ2-test and student t-tests were used to compare the characteristics of the study 127 participants at baseline according to whether subjects were alive or dead at follow up. The 128 distribution of continuous variables was evaluated, and right-skewed variables (triglycerides, for all-cause mortality, comparing the BMI categories with the normal weight BMI category 134 as the reference group. The Fine and Gray proportional sub-distribution hazards regression 135 analysis was also used to model CVD-and cancer-mortality while treating any other cause of 136 death as a competing risk. [17] We initially adjusted for age and sex, and further adjusted for 137 alcohol intake and exercise, educational attainment (college graduation or higher), center, 138 year of screening exam). The proportional hazards assumption was checked by examining 139 graphs of estimated log (-log) survival. We also performed stratified analysis in pre-140 specified subgroups defined by age (<50 vs. ≥50), sex (women vs. men), smoking (non-141 smoker vs. current smoker), alcohol intake (<20 vs. ≥20g of alcohol per day), vigorous 142 exercise (<3 vs. ≥ 3 times a week), education level (<college graduation vs. ≥ college 143 graduation), CRP (<1.0 vs. ≥1.0 mg/l) and fatty liver (no vs. yes); interactions between 144 subgroups were tested using likelihood ratio tests comparing models with and without 145 multiplicative interaction terms. The statistical analysis was performed using STATA version Results 153 The mean (age range) and median age (IQR) at baseline were 36.9 (20. Tables 2 and 3 show the baseline characteristics of the cohort by BMI categories 161 (underweight, normal weight, overweight and obese) in men ( Table 2 ) and in women (Table   162 3). For men and for women, blood pressure and LDL-C concentration increased, with 163 increasing BMI categories. In contrast, the percentage of men who were smokers was higher 164 in the underweight BMI category and the percentage of people who were smokers was lower 165 in the overweight and obese BMI categories, compared with the normal weight BMI category. 166 Additionally, the proportion of people taking regular exercise increased with BMI category.
167 Table 4 shows the hazard ratios for associations between each BMI category and all cause 168 mortality adjusted for age, and adjusted for multiple potential confounders with the normal 169 weight BMI category as the reference group. Overweight and obesity were combined to 170 increase the number of deaths in a single overweight/obesity group. The association between 171 overweight/obesity and all cause mortality was similar for men and women considered 172 separately. We modelled the shape of the association between BMI and all-cause mortality in 173 men and women combined and these data are shown in Figure 2 .
174 Table 5 shows the hazard ratios for associations between each BMI category and cancer 175 mortality adjusted for age, and adjusted for multiple potential confounders with the normal 176 weight BMI category as the reference group.
177
Additionally, despite the increase in CVD risk factors in the overweight/obese BMI category 178 compared with other BMI categories, there was no increase in CVD deaths in the 179 overweight/obese category. Although the number of CVD deaths was small in this young 180 cohort, we investigated HRs for CVD mortality in each BMI category, adjusting for the same 181 potential confounders that are shown in Table 4 . In this analysis, although the 95%CIs were wide, there was a similar pattern of the point estimates of HRs across BMI categories, to the 183 pattern we had observed across BMI categories for all cause mortality, ( Table 6) . 184 The major causes of death by BMI category are shown in (Table 7 ) and these data show that 185 was no increase in deaths from lung cancer or other key cancers in the underweight BMI 186 category. 187 We investigated whether there were differences in the associations between BMI and all 188 cause mortality in clinically relevant subgroups for each BMI category ( Table 8 ). In order to 189 determine whether there were any differences between the overweight and obese groups, 190 these two BMI groups were kept separate for this analysis. These data showed that smoking 191 status was not associated with any increase in HR for all cause mortality in each BMI 
Discussion
women, blood pressure and LDL-C concentration increased, liver enzyme concentrations (alanine and aspartate transaminases and gamma glutamyl transferase) increased, and glucose 264 concentrations and HOMA-IR increased across increasing BMI categories. It is plausible 265 given the relatively young age of our cohort that there is still low lifetime exposure to these 266 recognized risk factors and as the overweight and obese group grows older these risk factors 267 have a deleterious effect to increase the numbers of subjects developing diabetes, 268 hypertension and CVD. The percentage of people taking regular exercise was increased in 269 men and women in the overweight and obesity groups and it is possible that there was a 270 benefit of this physical activity that contributed to the decreased HR for all cause mortality in 271 the overweight/obese group.
272
There are strengths and limitations to our study that need to be considered. We studied 273 ~162,000 metabolically healthy, relatively young adult men and women at baseline.
274
Although the period of follow up was 11 years for many subjects, the median period of 275 follow up was approximately five years. As we have stated previously for this cohort [11] 276 with the relatively small numbers of deaths, there was insufficient power to exclude subjects 277 who died during the first few years of the study in order to exclude the possible effects of 278 reverse causality. However, it is likely that in this cohort, the effect of reverse causality is 279 small, since the study included relatively young subjects, a large proportion of whom were in 280 employment, and who are therefore predominantly healthy. Additionally, it is possible that 281 the use of medication to decrease risk of CVD (e.g. antihypertensives or statins) taken during 282 the study period could have influenced the data for CVD and all cause mortality. However, it 283 is important to note that the numbers of individuals taking such medications is likely to be 284 small. Waist circumference was not used to exclude subjects at baseline as this measurement 285 was only available in approximately 50% of the cohort at baseline, although it should be 286 noted that virtually all the metabolically unhealthy subjects in our cohort will have been 287 excluded by virtue of having excluded subjects with other features of the MetS, diabetes, 288 hypertension and existing hypertension. Additionally, as we have described previously for 289 this cohort [11] , a measure of socio-economic status was not obtained, and the estimates of We acknowledge the efforts of the health screening group at Kangbuk Samsung Hospital, Abbreviations: BMI, body mass index; BP, blood pressure; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein cholesterol; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; hs CRP , high-sensitivity C-reactive protein; HOMA-IR, homeostatic model assessment -Insulin resistance. § ≥ 1 time per week. Between group differences for normalized data were tested by ANOVA. 
Final study sample after exclusion of subjects
Metabolically-healthy individuals included in the study N=162,194 (median follow up=4.94years).
Exclusion of subjects
25 subjects; missing data on body mass index 2 subjects; missing pulse and blood pressure
